Purpose: Superior ophthalmic vein thrombosis (SOVT) is an extremely rare condition. Few studies have been published about clinical aspects of this condition. In this study, we have studied the symptoms, underlying etiologies, treatment, pathogenesis and complication of the SOVT and we tried to classify it based on the etiology, treatment, and prognosis. Methods: We reviewed the patients' data from a tertiary academic referral center. Each patient with SOVT was then reviewed for symptoms associated with SOVT, underlying etiology, treatment protocol, treatment response, complications, possible pathogens, and final outcome. Results: Twenty-four cases of SOVT were included in this study. Overall, 13 cases were diagnosed as right-sided SOVT, out of which, eight had simultaneous right-sided cavernous sinus thrombosis (CST). Eighteen cases were diagnosed to have left-sided SOVT, out of which, 11 had simultaneous left-sided CST. Conclusions: The SOVT can be secondary to different mechanisms. The SOVT secondary to trauma, recent surgery and coagulopathy are mostly non-aggressive, and can be managed by conservative therapy and anticoagulation. The SOVT in patients with orbital cellulitis, history of active sinusitis or paranasal sinus surgery are aggressive presenting with acute orbital swelling, abscess and visual loss. This type of SOVT can be complicated by extension to the cavernous sinus and intracranial structures. These patients require urgent antibiotics therapy and sinus surgery. The most severe type of SOVT is caused by mucormycosis which may also extend intracranially resulting in stroke and is often life-threatening.
Introduction
Superior ophthalmic vein thrombosis (SOVT) is extremely rare (incidence of 3-4 cases/million/year) but potentially devastating clinical entity [1, 2] . The SOVT can be secondary to septic or aseptic causes. Septic causes include orbital cellulitis, paranasal sinusitis, and septic cavernous sinus thrombosis (CST). Aseptic etiologies are secondary to facial trauma or inflammation, spontaneous carotid cavernous fistula (CCF), hypercoagulable states, orbital neoplasm and Tolosa-Hunt syndrome [3] [4] [5] [6] . Orbital infections by aerobic or anaerobic organisms are the most common cause of the SOVT. The most common pathogens causing orbital cellulitis are Staphylococcus aureus and Streptococcus family [4, 6] . Clinically, SOVT manifests with painful ptosis and proptosis, conjunctival congestion and chemosis alone with visual loss which and can be detected on post-contrast computed tomography (CT) or magnetic resonance Imaging (MRI) [1, [4] [5] [6] . The superior ophthalmic vein originates in the superior inner angle of the orbital cavity and takes a course with superior orbital artery to drain into the cavernous sinus. The SOVT can develop into CST, with involvement of the cranial nerves within the cavernous sinus and intracranial complications [7] . Appropriate and rapid treatment based on the underlying etiology is required to prevent the catastrophic consequences and complications of the SOVT [8] . There is no universal treatment protocol for the SOVT due to its rarity. Most of the published studies in this field are case reports or case series with a limited number of patients. To date, 69 cases of the SOVT have been published in the English literature via Medline search. In this study, we represent a cohort of SOVT cases with attention to risk factors, etiology, treatment, complications, prognosis and outcome. In addition we classify the SOVT based on the underlying etiology and suggest the appropriate therapy in each group. In the cases of septic SOVT we review the microbiology and the underlying causative organisms.
Materials and methods
This study was approved by our university review board (IRB No 300001833). The electronic data of our institution were reviewed from 2005 to 2018 for cases with diagnosis of the SOVT. All images were reviewed by one neuroradiologist (HS) with 11 years of experience. Patients with enlargement of the SOV containing filling defect on postcontrast images were included in this study (Figs. 1 and 2). The patients with enlargement or varix of the SOV without internal filling defects were excluded. The CST was considered as a filling defect in the expanded cavernous sinus on post-contrast CT or MR ( Fig. 3 ). For each case, all available images were reviewed documenting orbital complications of SOVT, including extension of the thrombosis to the cavernous sinuses and intracranial structures. For each case, the entire electronic file was reviewed. The demographic data, past medical history, underlying comorbidities, presenting symptoms, treatment and responses, complications, final outcome and mortality related to the SOVT were documented (Figs. 4-8).
Results
Over a 13-year period, 24 patients with documented SOVT were included; 13 female and 11 male with a mean age of 56.9 years, (SD = 13.2, range 29-85). Thirteen cases of right-sided SOVT were detected, 8 of which had simultaneous right-sided CST. Eighteen cases of left-sided SOVT were noted, 11 of which had simultaneous left-sided CST. Twelve cases were septic, 9 of which were managed surgically. One case of sinus Squamous Cell Carcinoma (SCC) and SOVT was treated by prednisolone and radiotherapy. One case of CCF did not receive any treatment besides regular follow-up. Three cases of incidentally detected SOVT were treated with Aspirin and Warfarin. Four cases of post-traumatic and two cases of post-surgical SOVT were managed conservatively. One case had long-lasting coagulopathy and received anticoagulation. In eleven cases, all belonging to the septic group, complications were noted. In 10 out of 12 cases of septic SOVT, microbiologic culture results were included. Patients' demographic data, underlying etiologies, past medical histories, symptoms, treatments, complications, pathogens and outcome are presented in Table 1 . 
Discussion
The SOV is the main draining venous structure in orbit. The SOVT is a rare condition with only 69 cases reported to date [9] . The primary clinical presentation of SOVT is acute painful proptosis, chemosis, conjunctival congestion, and visual loss [10] .
The SOVT can be secondary to many underlying etiologies including: infectious (paranasal sinusitis, orbital cellulitis and septic cavernous sinus thrombosis with the extension of the thrombus into the SOV) and aseptic (spontaneous or treated thrombosed CCF, neoplastic invasion of the cavernous sinus and orbit, Tolosa-Hunt syndrome and maxillofacial trauma) [4] [5] [6] 11] . Many systemic disorders are associated with the SOVT including hypercoagulable states (thrombocytosis, sickle cell trait, hereditary hemorrhagic telangiectasia, antiphospholipid syndrome, use of oral contraceptive pills, and pregnancy). In this study, we detected a case of SOVT because of hypercoagulability state secondary to long lasting elevated factor VIII. Inflammatory diseases (Graves' disease, systemic lupus erythematosus, sarcoidosis, Behçet syndrome, amyloidosis, vasculitis and ulcerative colitis) have been reported to be associated with the SOVT [4] [5] [6] 12] . We detected SOVT in a case with systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA) and a case of Sjogren's syndrome. There are several reported cases of SOVT in SLE with and without antiphospholipid syndrome. The SOVT in SLE without antiphospholipid syndrome is attributed to inflammation and SOVT in SLE with the antiphospholipid syndrome is attributed to hypercoagulation [13] [14] [15] . There is an association between the systemic malignancies (leukemia, lymphoma, multiple myeloma, lung cancer and amyloidosis) and the SOVT [3] [4] [5] [6] 16, 17] . We also detected a case of breast cancer with SOVT although the patient was complicated by cellulitis.
Regarding the clinical presentation of SOVT, symptoms are secondary to impaired orbital venous drainage including orbital swelling, pain, chemosis, eyelid edema, proptosis, limited ocular motility, with or without fundus findings, and impaired visual acuity [9] . Because of overlap in diagnosis, neuroimaging plays a critical role in the diagnosis of SOVT. The main imaging finding is dilation of the SOV with internal filling defects. Soft tissue stranding around the SOV and within the orbital fat and enlargement of the extraocular muscles are the other imaging findings. Asymmetric dilation of the SOV by itself is not diagnostic for the SOVT. Only about 10% of dilated SOVs are because of the thrombosis [18] which emphasizes the role of contrast imaging.
The SOVT may be unilateral or bilateral and it can be associated with CST. In our study, we had 13 cases of right-sided SOVT and 18 leftsided SOVT. In 13 cases, the cavernous sinus was involved as well. In 6 cases, both SOV and cavernous sinuses were involved.
Among 24 cases, 12 patients had septic SOVT, all of which had evidence of mucosal thickening in paranasal sinuses consistent with either acute or chronic sinusitis. We were able to collect clinical data for 11 of the 12 with 1 case being lost follow-up. This patient had imaging in our institution but decided to leave the hospital without treatment. Since this patient had two complications (optic nerve ischemia and meningitis which were detected on imaging), we decided to include this patient in our study despite the fact that there is no data about treatment and microbiology. In 4 cases, the SOVT was attributed to trauma. In 3 cases SOVT were noted incidentally and without significant orbital symptoms.
Complications
In three cases (12%), we detected paralysis of cranial nerves, all of which had the simultaneous CST. In two patients (8%) the SOVT was complicated by septic thrombosis of internal jugular veins (Lemierre's syndrome) both had CST as well. The Lemierre's syndrome has never been reported as a complication of SOVT before. The SOVT was complicated by acute cerebral hemispheric infarction and death in one patient, which was because of mucormycosis infection and reveals the mortality rate of SOVT to be 4% in the presented cohort. Optic nerve infarction was seen in one case (4%) diagnosed by imaging. In three cases, the SOVT was complicated by intracranial infection (subdural empyema, ventriculitis and temporal lobe abscess) revealing 16% chance of intracranial involvement (including the mucormycosis patient). Orbital cellulitis is the most prevalent underlying etiology for SOVT and was detected in 50% of our patients. The orbital cellulitis is more common in the pediatric population [19] . The infectious etiologies are commonly bacterial or polymicrobial, often including aerobic and anaerobic bacteria, less commonly fungal or mycobacteria. The most common bacteria causing orbital cellulitis are Staphylococcus aureus and Streptococci family. The non-spore-forming anaerobes Aeromonas hydrophila, Pseudomonas aeruginosa, and Eikenella corrodens are rare. Mucormycosis and Aspergillus are rare causes of the orbital cellulitis [20] .
Most cases of paranasal sinusitis are due to viral infections with few secondary bacterial infections [21] . The Rhinoviruses, influenza/parainfluenza viruses are the most common causes of paranasal sinusitis. The most common bacterial causes of acute purulent sinusitis are Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhalis, and Streptococcus pyogenes. In chronic paranasal sinusitis, the most common isolated bacteria are staphylococcus aureus and anaerobic bacteria (Prevotella and Porphyromonas, Fusobacterium and Peptostreptococcus spp). Pseudomonas aeruginosa and other aerobic and facultative gram-negative rods can be seen in immunocompromised patients. Fungi and Pseudomonas aeruginosa are common pathogens in neutropenic patients [22] .
In our study, 12 patients had septic SOVT, among them the bacteriologic data of 10 cases are available. In 4, the infection was polymicrobial. The most common pathogens in our study were: Staphylococcus aureus (methicillin sensitive and resistant), B-hemolytic Streptococcus, Pseudomonas aeruginosa, Coagulase-negative Staphylococci, Staphylococcus Epidermis, Staphylococcus Intermedius, Mucormycosis, Streptococcus viridans, and Streptococcus constellatus. In our cohort the microbiology of the septic SOVT was different than the acute sinusitis or even orbital cellulitis and has overlap with common bacteria causing chronic sinusitis.
Treatment
Treatment of the SOVT depends on the underlying etiology and includes anticoagulation, antibiotics and surgery. In our study, the patients with post-traumatic, incidental and aseptic SOVTs were treated by anticoagulation without antibiotics. Treatment response in these groups were appropriate and no complication was noted. All of the septic SOVTs cases were treated with antibiotics. The septic SOVTs with orbital abscess required surgical drainage. From 12 cases of septic SOVT data, 11 cases were available; all of which received antibiotics, and 9 cases underwent sinus and orbital surgery.
Limitations
Our study is limited because it is retrospective. One patient was lost to follow-up, and microbiologic results of all septic SOVT were not available. In addition, we tried to follow the patients regarding the final visual accuracy and any permanent visual defect after treatment of SOVT, but the ophthalmologic data was not available in all patients. Despite the above-mentioned limitations, based on our knowledge, our study includes the largest published patient population of the SOVT to date.
Conclusion
The SOVT is a rare condition with many underlying etiologies. Its symptoms overlap with the orbital cellulitis, and post-contrast CT and MRI is critical for diagnosis. The treatment and prognosis of the SOVT depend on the underlying etiology. Based on underlying etiology, SOVT can be classified into different categories including:
A.) Incidental SOVT (good prognosis, usually self-limited and treated by anticoagulation) B.) Post-traumatic and post-surgical SOVT (usually good prognosis which is treated by anticoagulation) C.) Septic SOVT (secondary to paranasal sinusitis, orbital cellulitis or a history of paranasal sinus surgery with aggressive behavior, different organisms in comparison to the usual cause of acute sinusitis with a high risk of complication which requires specific antibiotics, anticoagulation and surgery) D.) Aseptic SOVT (secondary to inflammatory-autoimmune diseases, coagulopathy, CCF and direct tumor invasion, usually requiring treatment for the underlying condition in association with anticoagulation). E.) The CT and MR imaging studies are vital to the correct diagnosis and management of patients with SOVT. Evidence of sinusitis or a history of functional sinus surgery is critical to the diagnosis of septic SOVT. The antibiotic therapy of the septic SOVT must cover the Staphylococcus (including the Methicillin-Resistant Staphylococcus aureus), Pseudomonas, Streptococcus, and mucormycosis families.
